Summary Using administrative data healthcare databases from five Canadian provinces, we compared prevalence estimates of diagnosed osteoporosis and incidence rates for related fractures in Canada. The algorithms adopted showed consistent age and sex patterns across all provinces and will be suitable for national surveillance and monitoring. Purpose This study aims to evaluate the feasibility of using provincial population-based administrative data to develop a national surveillance system of diagnosed osteoporosis and related fractures (forearm, humerus, vertebra, pelvis, and hip) in Canada. Methods Linked healthcare databases from five provinces representing approximately 85 % of the Canadian population were used. Multiple algorithms combining hospitalizations, physician visits, and osteoporosis prescription drug dispensations were evaluated in each province. The adopted algorithms for diagnosed osteoporosis and incident fractures combined hospitalizations and physician visits based on 3 years and 1 year of data, respectively. Sex-specific agestandardized osteoporosis prevalence and fracture incidence rates were estimated for each province from 1995/1996 to 2007/2008. Results Age-standardized prevalence of diagnosed osteoporosis in those ≥50 years increased over the study period but stabilized in the most recent years. Using the adopted algorithm produced provincial estimates ranging from 5.6 to 10.5 % for 2007/2008, with consistent age and sex patterns across provinces. The use of osteoporosis drug data resulted in higher osteoporosis estimates compared with estimates without drug data. Age-standardized incidence of fractures in those ≥40 years showed similar age and sex patterns across all provinces. The highest level of agreement among provinces was for hip and humerus fracture rates, with wider provincial variation for forearm, vertebra, and pelvis fractures. Conclusions Our results are consistent with previous validation works and confirm that the algorithms adopted will be suitable for the national monitoring of diagnosed osteoporosis and related fractures. A similar approach may be applicable to other countries with high-quality administrative data.
Introduction
Osteoporosis and related fractures affects a large proportion of the adult population and results in excess morbidity, mortality, and economic burden in Canada as well as internationally. In 2010, the overall cost of osteoporosis was estimated to be over $2.3 billion among Canadians 50 years of age and older [1] . Globally, in the year 2000, there were an estimated 9.0 million low trauma fractures of which 1.6 million were at the hip, 1.7 million at the forearm, and 1.4 million were clinical vertebral fractures, resulting in a loss of 5.8 million disability adjusted life years [2] .
Given the personal and societal impacts, measuring and monitoring osteoporosis and related fractures is an important component of a population-based chronic disease surveillance system. Population-based administrative databases, used for health system management and physician remuneration, offer a relatively quick and inexpensive way of providing longitudinal epidemiological data on an entire jurisdiction and therefore, have shown to be useful in the national surveillance of common chronic conditions [3, 4] .
Osteoporosis and fracture algorithms using diagnostic codes found in administrative databases have been constructed and validated for surveillance purposes [5] [6] [7] [8] [9] [10] [11] . Leslie et al. validated algorithms to identify cases of diagnosed osteoporosis using administrative data and demonstrated that a relatively simple algorithm which combined hospitalizations and physician visits could achieve an acceptable level of sensitivity, specificity, and accuracy [5] . In addition, Lix et al. validated algorithms using administrative data to estimate fracture incidence of the hip, wrist, humerus, and clinical vertebrae and found that administrative data are generally useful for the surveillance of osteoporosis-related fractures although the validity depends on the fracture site and features of the algorithm [6] .
Building on previous validation work, the current study evaluated the feasibility of using administrative data for the national surveillance of diagnosed osteoporosis and osteoporosis-related fractures which ultimately will help to inform the implementation of a population-based surveillance program. While several countries have established project-specific osteoporosis and fracture registries [12] [13] [14] , to our knowledge, these have not been used to develop a framework for surveillance of osteoporosis and related fractures at a national level in Canada.
Methods

Databases
We selected a convenience sample of five Canadian provinces (British Columbia, Alberta, Manitoba, Ontario, and Quebec) with ready access to the following administrative databases: health insurance registry containing dates of insurance coverage and demographic information; hospital discharge abstract containing separation dates, admission dates, and diagnoses; physician services covering all fee-for-service claims and containing service date, physician specialty and diagnoses; and prescription drug dispensation databases containing outpatient dispensations only. Given Canada's universal healthcare, these administrative databases (excluding prescription drug dispensation) have near complete coverage of provincial populations. Algorithms Multiple algorithms combining hospitalizations (H), physician visits (P), and osteoporosis prescription drug dispensations were tested. The algorithms selected were informed by results from recent validation studies [5] [6] [7] [8] as well as recommendations from experts in ascertaining osteoporosis and fractures from administrative databases (Canadian Chronic Disease Surveillance System [CCDSS] Osteoporosis Working Group). International Classification of Diseases (ICD) 9th Revision Clinical Modification (ICD-9-CM) and 10th Revision Canadian version (ICD-10-CA) in addition to drug identification number codes were used for data extraction. Table 1 lists the algorithms adopted by the CCDSS Osteoporosis Working Group for osteoporosis and osteoporosis-related fractures (and their corresponding ICD-9-CM and ICD-10-CA codes) for future testing. Working group members' decision regarding which algorithms to adopt was based on results from this feasibility study as well as results from the aforementioned validation studies [5] [6] [7] [8] , published osteoporosis prevalence and fracture incidence estimates [15] [16] [17] , and the availability/completeness of the administrative databases required.
Regarding the adopted algorithm for diagnosed osteoporosis, a person was identified as a case if he or she had at least one hospitalization or one physician visit with a diagnosis in any diagnosis field with the following ICD-9-CM (ICD-10-CA) codes: 733.x (M80 and M81) within a 3-year period. The adopted algorithms for fractures were based on hospitalizations only (hip) or hospitalizations and physician visits using 1 year of data. All fracture algorithms included a 6-month episode period where any like fracture codes during this period were considered part of the same event. The date of the first fracture code of a fracture event was used to establish the end-point of the 6-month episode period. Pathologic fractures were included since they represent a small proportion of all fractures, and their exclusion can lead to underestimation of the fracture burden due to osteoporosis [18] .
Analysis Osteoporosis prevalence and fracture incidence estimates were age-standardized to the 1991 Canadian population. Estimates are reported separately by sex within each province from 1995/1996 to 2007/2008 (except for Quebec where estimates were reported from 1996/1997 to 2007/2008 due to a lack of data availability in the earliest study year).
Results
The age-standardized prevalence of diagnosed osteoporosis in those 50 years of age and older increased over the study period; however, rates stabilized in the most recent years (i. (Fig. 1) The agestandardized prevalence estimates for women and men combined (age 50+) ranged from 5.6 (Manitoba) to 10.5 % (Alberta) in 2007/2008. All provinces demonstrated consistency in age and sex patterns with prevalence of diagnosed osteoporosis being higher in women and increasing with age (Fig. 2) . Adding prescription drug dispensation data produced higher estimates of osteoporosis than the estimates produced without these data. For instance, with the addition of drug data, the adopted algorithm produced agestandardized prevalence estimates for women and men combined (age 65+) that ranged from 12.7 (Manitoba) to 23.4 % (Alberta) in 2007/2008 which are considerably higher than the total age-standardized prevalence estimates in those 65+ without drug data: 8.6 (Manitoba) and 14.6 % (Alberta), respectively.
Age-standardized incidence of fractures in those 40 years of age and older were higher in women than men in all five provinces. The highest level of agreement across jurisdictions was for hip and humerus fracture rates with wider provincial variation for forearm, vertebra and pelvis fractures (Fig. 3) . All fractures showed a consistent increase with older age (data not shown).
Discussion
This study has shown the usefulness of using administrative data to measure diagnosed osteoporosis prevalence and osteoporosis-related fractures incidence.
Age-standardized prevalence of diagnosed osteoporosis in those 50 years of age and older increased over the study period but stabilized in the most recent years. The adopted algorithm for diagnosed osteoporosis prevalence (1H or 1P in 3 years) produced provincial estimates ranging from 5.6 to 10.5 % in 2007/2008 with consistent age and sex patterns across provinces. Age-standardized incidence of fractures in those 40 years of age and older showed similar sex and age patterns in all provinces. The highest level of agreement among provinces was among hip and humerus fracture with wider variation for forearm, vertebra, and pelvis fractures.
Receiving an osteoporosis diagnosis is largely dependent on an individual undergoing bone mineral density (BMD) Manitoba as having the lowest rate (59/1,000 population) and Alberta, the highest rate (335/1,000 population) [19] . Differences in features of physician services databases in both [20] may contribute to the provincial variations observed in the forearm, vertebra, and pelvis fracture rates given the highly consistent hip fracture rates which are derived primarily from hospitalization data. Results are consistent with previous studies involving the validation of algorithms for osteoporosis and fracture surveillance using administrative data [5] [6] [7] [8] . While results are slightly lower than self-reported estimates of diagnosed osteoporosis from the Canadian Community Health Survey (CCHS) which showed 11.9 % of Canadians 50 years and older reported they were diagnosed with osteoporosis by a health professional in 2009 [21] . However, it is important to bear in mind the inherent differences between administrative data and self-reported data. The prevalence estimates derived from administrative data represent individuals diagnosed with osteoporosis in a specified period of time (3 years) within an overall 13-year window whereas, the CCHS captures the proportion of individuals having ever been diagnosed with osteoporosis by a health professional.
Despite the strengths of using population-based data to evaluate the algorithms across multiple provinces, this study has several limitations. Using a convenience sample of five provinces may limit the generalizability of results although those provinces with the largest population were deliberately chosen to participate in this feasibility study and collectively represent more than 85 % of the national population. The fracture algorithms may result in an under reporting of fracture events as any new fractures during the 6-month episode period would not have been captured. Similar to other studies, incident vertebral fractures are likely under-ascertained even when both hospital and physician data are used to construct the algorithm as health professionals in in-and out-patient settings do not reliably diagnose these type of fractures [6, 8, 10] .
Furthermore, since administrative databases were designed for health system management and physician remuneration purposes, there are several inherent limitations with regards to their use for chronic disease surveillance. Firstly, these data likely underestimate the true prevalence/incidence since those individuals who do not seek services, those seen by salaried physicians who do not shadow bill (i.e., claims submitted by physicians on alternative payment plans for services they provide for administrative purposes only), and those who have sought privately funded care would not be captured. In addition, administrative data lack indicators of disease severity. Lastly, administrative data do not currently contain information on socioeconomic characteristics. However, linking administrative data with postal codes and census data would provide additional opportunities to explore differences within jurisdictions based on location (e.g., urban versus rural) and socioeconomic status [22] .
In conclusion, this study supports the feasibility of using administrative data for the national surveillance of diagnosed osteoporosis and osteoporosis-related fractures. The Public Health Agency of Canada plans to use the methodology of this feasibility study to conduct a national pilot study which will include data from all provinces and territories. The national pilot will also include an examination of the post-fracture care gap (i.e., the proportion of individuals that were newly screened, diagnosed, and/or treated for osteoporosis 12 months post-fracture). Results from the national pilot will ultimately help inform the implementation of a population-based osteoporosis surveillance program. The methods used may have broader application for other countries where national fracture registries exist or can be created from high quality administrative databases. Ongoing surveillance of diagnosed osteoporosis, osteoporosis-related fractures, and the post-fracture care gap will provide information that could help inform the planning and provision of screening, prevention, and treatment resources.
